Associations between several occupational characteristics and obesity are not fully elucidated in Korean working populations, especially in females. This study investigated associations between occupational characteristics and overweight/obesity among Korean women. Data on 2090 female workers (the mean age was 38.8 ± 0.2 years), extracted from Korean National Health and Nutrition Examination Surveys in 2010-2015, were analyzed and showed that 6.8% of subjects were underweight, 50.8% had normal weight, 20.1% were overweight, and 22.2% were individuals with obesity. Multiple regression analysis was performed to examine associations between occupational characteristics and overweight/obesity, after controlling for demographic, behavioral, and health-related characteristics. The reference group was normal weight. Working hours were strongly associated with overweight/obesity. The odds ratio (OR) of obesity in women who worked for ≥60 h per week was 2.68 (95% confidence interval: [CI] 2.13-3.36) compared with those who worked for <40 h. Night/shift workers were 1.21 times (95% confidence interval: [CI] 1.01-1.45) more likely to experience obesity than day or evening workers. In conclusion, obesity rates increase among female workers with longer working hours and those who work at night or in shifts. Occupational characteristics should be considered in the prevention of obesity among working women.
Introduction
Globally, obesity is recognized as an important public health issue. At least 2.8 million deaths occur due to excessive weight or obesity annually [1] According to a report by the Organization for Economic Co-operation and Development (OECD), the prevalence of obesity among adults was 19.5% in 2015, indicating that one of four adults was an individual with obesity, and the prevalence of obesity is expected to increase at least until 2030 [2] . In Korea, adults showed that the prevalence of obesity (defined as a BMI ≥ 25 kg/m 2 ) was 35.5% in 2016 [3] . It showed a consistently increasing trend among both men and women over the past 10 years. [4] .
Obesity causes a variety of very serious health problems in adulthood and increases risks of hypertension, type 2 diabetes, cardiovascular disease, and mortality [5] [6] [7] [8] . In addition, it is a factor that gradually increases direct and indirect healthcare costs and decreases productivity [9] . Andrea et al. performed a systematic review of 50 studies on indirect costs of overweight and obesity and
Materials and Methods

Study Population
The present study analyzed the data integrated by combining raw data from the 2010-2015 Korean National Health and Nutrition Examination Surveys (KNHANES) [32] . The KNHANES is a nationwide cross-sectional survey conducted in Korea on health and nutrition since 1998. The most recent census data that were available at the time of sampling were used as the KNHANES sampling framework so that each sample would be representative of Korean citizens aged ≥1 year and living in Korea. Samples were obtained by means of 2-stage stratified sampling with the enumeration area as the primary sampling unit and household as the secondary sampling unit.
Health surveys and screening were performed at mobile screening centers, and nutritional surveys were performed during home visits. Health and nutrition surveys were completed either by interview or self-administered questionnaires. For a health screening, measurements, observation, and specimen analyses were performed.
The initial sample contained 48,482 individuals. The focus of the present study was wage workers; thus, those not participating in economic activity (n = 15,501), self-employed or business owners (n = 1481), and those caring for a family without compensation (n = 758) were excluded from the study. In addition, individuals younger than 19 years or older than 60 years (n = 1846) and those working for less than 35 h per week were excluded from the study based on the assumption that they did not work 5 or more days per week. Individuals without a diagnosis of obesity or with incomplete survey data and currently pregnant women (n = 18) were also excluded. The final sample contained 2090 subjects (Figure 1 ). 
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Measurements and Variable Definitions
Overweight and Obesity
The BMI, a universal index of overweight/obesity, was calculated by dividing the weight (kg) by the squared value of the height (m). In this study, the BMI was calculated using the weights and heights measured during health screening. The World Health Organization (WHO) classifies persons with a BMI of 25 kg/m 2 or more but less than 30 kg/m 2 as overweight and a BMI of ≥30 kg/m 2 as individuals with obesity [33] . However, Asians with a BMI of ≥25 kg/m 2 are classified as individuals with obesity according to the WHO Asia-Pacific perspective [34] . In this study, subjects with a BMI of <18.5 kg/m 2 
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The BMI, a universal index of overweight/obesity, was calculated by dividing the weight (kg) by the squared value of the height (m). In this study, the BMI was calculated using the weights and heights measured during health screening. The World Health Organization (WHO) classifies persons with a BMI of 25 kg/m 2 or more but less than 30 kg/m 2 as overweight and a BMI of ≥30 kg/m 2 as individuals with obesity [33] . However, Asians with a BMI of ≥25 kg/m 2 are classified as individuals with obesity according to the WHO Asia-Pacific perspective [34] . In this study, subjects with a BMI of <18.5 kg/m 2 were classified as underweight, a BMI of ≥18.5 kg/m 2 and <23 kg/m 2 as normal weight, a BMI of ≥23 kg/m 2 and <25 kg/m 2 as overweight, and a BMI of ≥25 kg/m 2 as individuals with obesity [34] .
Occupation-Related Variables
Average weekly working hours were categorized into four groups (<40, 40-49, 50-59, and ≥60), based on the response to the item "On average, for how many hours per week do you work at your job, including overtime?"
The work pattern was classified in the following manner based on the response to the item "Primarily, do you work during the day or during other times in a day?". Subjects whose responses were "Between 6 in the morning and 6 in the evening" were categorized as day workers, "Between 2 in the afternoon and midnight" as evening workers, "Between 9 at night and 8 the following morning" as night workers, and "Regular day-night shift" or "24-hour shift" as shift workers. Of the 4 categories, day and evening workers were combined into the "day or evening worker" category and night and shift workers into the "night or shift worker" category.
The working status (permanent, temporary, or daily) was determined based on the response to "Which one of the following three categories best describes your working status?".
The job category was based on the occupation subjects provided in response to "What is your occupation?". The responses were classified in accordance with the Korean Standard Classification of Occupations and then finally categorized into white-collar (including managers, professionals, and office workers), pink-collar (including service employees and salespersons), or blue-collar (including farming/forestry/fishery, skilled workers, equipment and machine operators, and assembly workers) jobs.
Other Independent Variables
For demographic characteristics, the following variables were used: age (19-29, 30-39, 40-49 , and ≥50 years), educational level (some elementary school or finished elementary school, finished middle school, finished high school, and graduated from college or higher educational institutions), income level (1st, 2nd, 3rd, and 4th quartiles), and marital status (married and single). Behavioral characteristics, smoking (yes, no), drinking (yes, no), physical activity (yes, no), daily calorie intake (<2000, 2000-2499, and ≥2500 kcal), and daily sleep duration (<7, ≥7 h) were included. Health-related characteristics included hypertension (yes, no), diabetes (yes, no), dyslipidemia (yes, no), and menopause (yes, no).
Statistical Analysis
Before data analysis, all data were processed by designing a complex sample by applying the weights presented in the guidelines of the Korea Centers for Disease Control (KCDC). The chi-squared test was performed to examine the weight category of overweight and obesity according to the subjects' demographic, behavioral, health-related, and occupational characteristics. To determine differences among the groups for variables with significant differences in the chi-square test, a post hoc comparison analysis was performed by applying Bonferroni's correction. To compensate for multiple tests, the p-value of each test was divided by the number of comparisons. A multiple logistic regression model was computed to estimate adjusted odds ratios (aORs) and their corresponding 95% confidence intervals (CIs) to investigate the relationships with overweight and obesity, with normal weight as the reference category. In the model, age, education level, income level, marital status, smoking, physical activity, daily calorie intake, daily sleep duration, hypertension, diabetes, dyslipidemia, and menopausal status were used as control variables. All statistical analyses were performed using SPSS version 23 (IBM Corp., Armonk, NY, USA). Analysis items with two-tailed p-values less than 0.05 were considered statistically significant.
Ethical Considerations
All versions of the KNHANES were executed by the KCDC, and all subjects provided written informed consent before participating in the survey. The data were de-identified before the analyses. The protocol of the present study was approved by the institutional review board of the Catholic University (MIRB-MYUN20200103-002; approval date: 3 January, 2020) and carried out following the rules of the Declaration of Helsinki.
Results
3.1. Weight Category and Demographic, Behavioral, Health-Related, and Occupational Characteristics Table 1 presents frequencies and other descriptive statistics of demographic, behavioral, health-related, and occupational characteristics of the subjects. Regarding weight, 6.8% of the subjects were underweight, 50.8% had a normal weight, 20.1% were overweight, and 22.2% were individuals with obesity. The mean age was 38.8 ± 0.2 years, the mean sleep duration was 6.8 ± 0.02 h per day, and the mean working duration was 45.4 ± 0.1 h per week. Among subjects aged ≥50 years, the likelihood to be overweight or an individual with obesity was higher among those who had an education level of no more than elementary school, were married, slept less than seven hours per day, had diabetes and dyslipidemia, and were post-menopausal. Regarding occupational characteristics, the likelihood to be overweight or an individual with obesity was higher among subjects working for ≥60 h per week, and those working a blue-collar job.
Association between Weight Category and Demographic, Behavioral, Health-Related, and Occupational Characteristics
The associations between weight category and demographic, behavioral, health-related, and occupational characteristics are presented in Table 2 . The weight category was significantly associated with age, education level, income level, marital status, smoking, physical activity, daily sleep duration, daily calorie intake, hypertension, diabetes, dyslipidemia, menopause, the number of working hours per week, work pattern, working status, and job category. Bonferroni's correction was performed for multiple comparisons among the groups for variables showing significant differences. The Bonferroni correction set the significance cut-off at 0.05/3. a Bonferroni correction between underweight and normal weight groups and overweight groups. b Bonferroni correction between underweight and normal weight groups and obesity groups. c Bonferroni correction between overweight groups and obesity groups.
Multiple Logistic Regression Analysis of the Association between Occupational Characteristics and
Overweight/Obesity Table 3 shows the association between occupational characteristics and overweight/obesity. Multiple regression analysis was performed to assess the association between the two after controlling for demographic, behavioral, and health-related characteristics. The results showed that the weekly number of working hours, work pattern, and job category were significant factors for being overweight compared to normal weight, and that the weekly number of working hours and work pattern were significant factors for obesity. Specifically, the OR of obesity in women who worked for 40-49 h per week was 1.56 (95% CI, 1.17-2.08), the OR of obesity in women who worked for 50-59 h per week was 1.38 (95% CI, 1.03-1.85), and the OR of obesity in women who worked for ≥60 h per week was 2.68 (95% CI, 2.13-3.36), compared with those working for <40 h per week. In addition, night or shift workers were 1.21 times (95% CI, 1.01-1.45) more likely to have obesity than day or evening workers. The reference group was normal weight (BMI, 18.5-22.9 kg/m 2 ); adjusted ORs from multivariate logistic regression analysis. Adjusted for age, education, income, marital status, smoking, physical activity, daily energy intake, sleep duration, hypertension, diabetes, dyslipidemia, and menopause.
Discussion
Our study showed that two-fifths of working women in Korea were overweight or obese and that 22.2% were individuals with obesity. The analysis performed to assess the association between weight category and demographic, behavioral, health-related, and occupational characteristics showed the existence of a significant association in all variables except drinking and perceived stress level.
The multiple logistic regression model on the association between occupational characteristics and overweight/obesity showed that of several occupational characteristics, the number of working hours per week increased the likelihood of overweight or obesity. The mean weekly number of working hours among all subjects was 45.4 and 8.8% worked for ≥60 h per week. Compared with subjects who worked for <40 h per week, those who worked for ≥40 h tended to be more likely to being obese. In particular, the OR of obesity among those working for ≥60 h per week was 2.68.
In a study conducted among adult wage workers in the US, the OR of obesity among those who worked for ≥50 h per week was 1.32, compared with those who worked for <30 h [35] . Working overtime is reported to be associated with weight gain among both middle-aged men and women [36] ; however, some studies have found a significant difference among women only [37] . In a study conducted in Australia with a total of 9276 working women aged 45-50 years, the rate of weight gain increased as the number of working hours increased and the association between the number of working hours and weight gain was stronger in higher percentiles of the weight gain distribution [38] . A study conducted in Korea reported that the likelihood of overweight or obesity increased by 3.82 times among women aged >50 years and working for ≥9 h per day compared with women younger than 50 years and working for <9 h, whereas this was not significant among men [39] . These previous study findings support our findings.
It is difficult to explain the association between hours of work and obesity unidimensionally. Extended hours of work are associated with a variety of behaviors including dietary habits and activity patterns (such as lack of physical activity, increase in the intake of fast foods, and lack of sleep), and if such dietary and behavioral changes persist, the metabolism is negatively affected (such as obesity) [20, 40] . Hyun et al. found that while 63.4% of workers with obesity tried to control their weight, the OR of weight control effort was 2.4-times higher among subjects who worked for 40-49 h per week than among those who worked for >60 h per week [41] . It has also been reported that the need for a healthcare utilization is not satisfied among individuals who work for extended hours [42] . These findings show that extended hours of work make it difficult to engage in efforts in order to control weight and utilize healthcare services. In a study which analyzed the data from the Korean Working Conditions Survey, a reduction in working hours improved the indices of a work-life balance and a satisfaction with working conditions [43] .
According to the "2018 Work, Family Balance Indicator" reported by Statistics Korea [44] , the employment rate among women was 50.8%, showing an increasing trend. The mean weekly number of working hours was 45.2 among men and 39.6 among women. However, as many as 24.9% of the subjects in our study worked for ≥50 h per week. In Korea, the gender difference in housework responsibility is quite large. Although more than 50% believe in a fair division of housework, it is reported that only 20% share domestic responsibilities fairly. Thus, working women in Korea may not get enough rest because of housework and child rearing that they are responsible for after returning home from work. In consideration of such cultural features, the society as a whole should take an interest in weight management among working women.
The present study showed that the work pattern was associated with obesity among working women. The OR of night or shift workers obesity was 1.21, compared with day or evening workers. In a systematic review of 26 studies on the relationship between shift work and weight gain, the risk ratio (RR) for overweight was 1.25 and the RR for obesity was 1.17 in shift work, indicating a positive relationship between shift work and weight gain [12] . Another systematic review of 28 studies on the association between shift work and obesity found that the likelihood of overweight and obesity increased by 1.23 times among night workers compared with day workers [45] . These results are in line with our study finding. Approximately 30% of Korean female workers are pink-collar workers, employed in the service or sales sector [46] . Pink-collar workers are more likely to work in shifts. Working at night or in shift work changes the circadian rhythm, increasing fatigue and stress. Eating or sleeping during night shift work can interfere with the energy metabolism by weakening the digestive system [47] . Furthermore, shift work can increase physiological problems among women like irregular menstruation [48] , compounding the symptoms of a metabolic syndrome, such as obesity.
In addition, among women, factors related to changes in sex hormones (for example, menopause) can impact the obesity [28, 49] . In our study, such a variable was considered important which is why the menopausal status was included in the analysis. The association between weight category and menopause was found to be significant. In the logistic regression analysis, the OR of obesity among post-menopausal women was 1.06 (95% CI, 0.88-1.29) compared to pre-menopausal women, but the association was no longer significant. To our knowledge, this variable has rarely been controlled in studies on obesity among women. Rather, most studies merely mentioned the failure to control the variable as a limitation. In light of this, our study finding has important implications.
A major strength of our study is that the association between occupational characteristics and overweight/obesity was investigated using a nationally representative, large-scale sample. Another strength is that a variable related to the sex hormone level, which may be an influential factor in obesity among women, was included, and the results were derived while controlling the variable in the analysis. A notable limitation of the study is that the findings may not be generalized to other populations or the general public due to the study population consisting of Korean female workers. Additionally, the study of male obesity is valuable, but we only studied women. There is a lack of research on the relationship between occupational factors and obesity in Korean women. In particular, Korean women are more likely than men to work both at the workplace and at home, since women still take much responsibility for housework, so these factors can lead to changes in life and contribute to obesity. In addition, there are cases where men and women need to apply differently, such as hormone effects, in the use of correction variables. Another limitation is that while the BMI was computed using measurements of height and weight among the subjects, thereby increasing the accuracy of the variable, other variables were based on self-reports and thus their accuracy may have not been high. Lastly, a causal relationship between the number of working hours and obesity was not assessed in this study. In the future, longitudinal studies should be conducted to assess the causality between the variables.
Conclusions
Our study demonstrated that occupational characteristics are linked to overweight and obesity even after controlling for demographic, behavioral, and health-related characteristics. Specifically, the number of working hours, work pattern, and job category were each found to be associated with being overweight or obese, after controlling for confounding variables that may also involve factors of overweight and obesity among working women. On the basis of the findings, it is suggested that occupational characteristics, including the number of working hours, work pattern, and job category, should be considered in the prevention and management of obesity among working women. Further research should be conducted on these influential factors.
